Background: Housekeeping genes are routinely used as endogenous references to account for experimental differences in gene expression assays. However, recent reports show that they could be de-regulated in different diseases, model animals, or even under varied experimental conditions, which may lead to unreliable results and consequently misinterpretations. This study focused on the selection of suitable reference genes for quantitative PCR in human hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) with different clinical outcomes.
Background
With the application of quantitative real-time polymerase chain reaction (qPCR) in the high throughput and accurate expression profiling of selected genes, gene expression analysis is increasingly significant in many fields of biological research [1] [2] [3] . Nowadays, housekeeping genes (HKGs) are routinely-used as references in qPCR to normalize experimental data, such as differences in RNA quantity and quality, the overall transcriptional activity and differences in the cDNA synthesis [4] , because, theoretically, HKGs are supposed to exhibit consistent, nonregulated, stable expression among different space-time and different tissues, even intervention models [5, 6] .
However, cancer development is a very complex stepwise process involving altered cell functions at many steps, through changing almost all genes in gene expression [7, 8] . And many experimental evidences indicate that even the so-called HKGs are involved in tumorigenesis, including breast, prostate, colorectal, and bladder-cancer [9] [10] [11] [12] [13] [14] [15] [16] . Typical HKGs including glyceraldehydes 3-phosphate dehydrogenase (GAPDH), beta-actin (ACTB), TATA-binding protein (TBP), 18S ribosomal RNA (18S) and many more have often been adopted from the literatures as reference genes without taking into account their specific tissue dependent behavior or the special design of the respective study [6, [9] [10] [11] [12] [13] [14] [15] [16] . Being de-regulated in various samples actually, those so-called HKGs for qPCR normalization on cancer research may lead to unreliable results and consequently misinterpretation [13, 15, 17] . Therefore, it is crucial to find appropriate reference genes for qPCR normalization on specific cases.
The major risk factor for the development of HCC is cirrhosis of the liver after chronic hepatitis virus infection. Recently, the geographical variability in the incidence of HCC has been attributed to the changing distribution and the natural history of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection [18] . Therefore, HCV is the most important risk factor for HCC in western European and North American countries, while HBV is the major risk factor in East Asia, a distinct HCC subtype with an increasingly worldwide prevalence. However, evidence shows that HKG expression profile of HBV is distinct from HCV and relevant to hepatocarcinogenesis [19] . Recently, it was reported that in HCV-induced HCC, the combination of RPL41 and SFRS4 were the best to normalize qPCR data in USA [20] , and there was no significant different in HKGs expression in the liver cancer tissues derived from HBV-infected and non-infected patients [21] .
Based on one of the tumorigenesis and metastasis theories that genes favoring metastasis progression are initiated in the primary tumors [22, 23] , it is becoming a routine strategy to compare gene expression levels in tumor samples with different prognostic outcomes: cancer with-and without-metastasis [24] [25] [26] [27] , to find clinical prognosis biomarkers. Up to date, initial evidence shows GAPDH and ACTB are de-regulated in various TNM stages and tumor invasiveness in HCC [21] . Therefore, it is necessary to identify suitable reference genes relevant to HBVrelated HCC with different clinical outcomes, which there is no previous systematic investigation yet.
This study focused on the commonly used HKGs as reference genes for q-PCR normalization in matched tumor and non-tumor tissue samples with different outcomes (with or without metastasis in 3 years following up) of HBV-related HCC and normal liver specimens. To select the commonly-used HKGs in HBV-related HCC, we searched on PubMed using the MeSH terms "hepatocellular carcinoma", "gene expression", and "RT-PCR" combined with the Boolean operator "AND" from January 2005 to March 2008 [15, 28] . We evaluated 69 articles that had used various reference genes, and found that betaactin (ACTB; 25 times; 36%), glyceraldehydes-3-phosphate dehydrogenase (GAPDH; 19 times; 28%), 18S-r RNA (18S; 12 times; 17%), TATA box binding protein (TBP; 5 times; 7%) and Hypoxanthine phosphoribosyltransferase I (HPRT1; 4 times; 6%) and ribosomal protein L 13a (RPL13A; 4 times; 6%) were commonly used ( Table  1 ). The six HKGs were selected, and their expression levels in normal liver tissues, tumor tissues (with-metastasis or without-metastasis HCC) and paired adjacent non-tumor liver tissues were compared to identify suitable reference genes for the purpose of normalization in HBV-related HCC.
Methods
Patients and specimens Surgical tissue specimens from Chinese patients with primary HBV-related HCC were collected with informed consent and approved by the Institutional Review Board of the Liver Cancer Institute and Zhongshan Hospital, Fudan University (Shanghai, China). A total of 108 paired HCC tissues samples and adjacent non-malignant liver tissues were collected from the patients undergoing surgery at the Liver Cancer Institute during the period October 2003 to March 2005. The 108 paired samples were divided into with-metastasis and without-metastasis two subgroups based on their clinical prognostic features in 3 years following-up investigations. The clinicopathological characteristics of patients were presented in Table 2 . All samples were histopathologically diagnosed as HCC according to Edmondson's classification. Pathologic diagnosis was independently done by two pathologists. An additional 26 normal liver specimens from patients with non-HCC liver disease were previously described [22] . The samples were sectioned immediately after surgical removal. Suita-ble tissue pieces were snap-frozen in liquid nitrogen and stored at -80°C until further processing.
RNA isolation and characterization
The tissue specimen were ground in liquid nitrogen and homogenized in Trizol (Invitrogen, Carlsbad, CA) using a poltroon homogenizer. Total RNA was purified following the RNeasy Mini protocol (Qiagen, Valencia, CA), including a DNaseI digestion, to avoid contamination with genomic DNA. The concentration of the isolated RNA and the ratio of absorbance at 260 nm to 280 nm (A260/A280 ratio) were measured with NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Montchanin, DE, USA). The accuracy of the measurements on the NanoDrop spectrophotometer was previously controlled by comparative measurements using the conventional UV spectrophotometer Ultrospec 3000 (Pharmacia). The integrity of RNA was assessed with the RNA 6000 Nano LabChip kit using the Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). The electropherograms and gel-like images were evaluated with the Agilent 2100 Expert software that generates the RNA integrity number (RIN) to characterize RNA integrity. This number describes a gradual scale of RNA integrity from 1 (RNA completely degraded) to 10 (RNA without degradation), taking into account not only the conventional ratio of 28S to 18S ribosomal RNA (rRNA) but also other critical regions of the entire RNA electropherogram. The threshold inclusion values for the RNA samples were >1.90 for the A260/A280 ratio and >7 for the RIN value.
First-strand cDNA synthesis First-strand cDNA was synthesized using oligo dT and SuperScript™ III reverse transcriptase according to the manufacturer's instructions (Invitrogen, Carlsbad, CA, USA). Before transcription, RNA was denatured for 5 min at 65°C followed by cooling on ice. Finally, the Reverse Transcriptase was inactivated by heating the reaction mixture for 5 min at 93°C. All cDNAs was stored at -20°C until RT-PCR analysis. They were diluted 1:50 and 4.5 μl were used as template in a 10 μl qPCR reaction.
Real-time PCR
The ABI Prism 7900 HT Sequence Detection System (Applied Biosystems, Foster City, CA, USA) was used for real-time PCR instruments. Essential gene-specific data are given in Table 1 . The measurements on the ABI Prism System were performed with primers and TaqMan MGB probes as previously described [5] . The TaqMan probes were 5'-labeled with the reporter fluorescent dye 6-carboxy-fluorescein (FAM) and carried the quencher dye 6-carboxy-tetramethyl-rhodamine (TAMRA) labelled on a thymidine base near the 3'terminus. The amplification procedures were performed under the same reaction conditions as previously described in detail [5] . Briefly, the cycle conditions were set as follows: start with 2 min, 50°C step is required for optimal AmpErase ® UNG activity, 10 min template denaturation at 95°C, 40 cycles of denaturation at 95°C for 15 s, and combined primer annealing/elongation at 60°C for 1 min.
Data analysis
Statistical analyses were performed with SPSS 15.0 for Windows (SPSS Software, Chicago, IL, USA). P values <0.05 were considered statistically significant. For stability comparison of candidate reference genes, we applied the software geNorm, version 3.4 [4] , and NormFinder [29] . The program geNorm is a Visual Basic application tool for Microsoft Excel and is available on the Internet upon request by the programmers. CT values were converted into relative quantities for analysis with geNorm [4] . The program selects from a panel of candidate reference genes the two most stable genes or a combination of multiple stable genes for normalization. The NormFinder is also freely available on the Internet http://www.mdl.dk. It is a Microsoft Excel add-in and calculates the stability values of the individual candidate reference genes for normalization [29] . The stability value is based on the com- bined estimate of intra-and inter-group expression variations of the genes studied. A low stability value indicating a low combined intra-and inter-group variation proves high expression stability. Using this approach, the most stable single gene is calculated and an additional combination of two genes is recommended because the stability value of that combination is generally lower than that of the single gene.
Results
Expression levels of the "housekeeping" genes inHBVrelated HCC We observed the expression levels of the selected 6 housekeeping genes in different kinds of tissues, including normal liver tissue, malignant and paired non-malignant tissues from patients with HBV-related HCC. Their clinicopathological characteristics were shown in 
Expression stability of the housekeeping genes
In search of the most stable reference genes, the expression stabilities of the tested genes were validated with two software programs, geNorm and NormFinder [4, 29, 30] . In the program geNorm, the expression stability of one gene was validated by calculating M value based on the average pairwise variation between all tested genes. The lowest M value characterizes the genes with the best stability. According to the published articles [4, 30] , stable genes' M values were below the default limit of 1. In addition, we, for the first time, found the variance of the M value of these reference genes in different kinds of tissues (Fig. 2) . Again, the M value of 18S was the most fluctuant gene among the six investigated HKGs, while TBP and HPRT1 were the most stable ones in all groups except the malignant without-metastasis (TNM) and the combination of the normal and TNM groups, in which GAPDH ranked the top.
The NormFinder program was also used to calculate the expression stabilities of the 6 reference genes, in which higher expression stability is indicated by a lower stability value as an estimate of the combined intra-and intergroup variation of the individual gene [29] . TBP and HPRT1 were still found to be the most stable genes, and TBP was the best one with a stability value of 0.294 (Fig  3) . The combination (calculated geometric average [6] ) of TBP and HPRT1 could improve the stability value to 0.291; however, there was not significant difference compared the stability of the combination with that of TBP alone (0.294).
Significance of suitable reference gene's normalization forqPCR
Phosphoglycerate kinase 1 (PGK1) plays an important role in tumour angiogenesis as a disulphide reductase.
The secretion of PGK1 is regulated independently and inversely of its production and is consistent with the correlation between tumour hypoxia and angiogenesis [31, 32] . To demonstrate the significance of suitable reference genes for normalization in order to get correct profiling data, we measured mRNA expression level of PGK1 in 10 normal liver tissues and 22 paired (tumor and nontumor) tissue samples from patients with HCC (11 withmetastasis, 11 without-metastasis). The normalization of PGK1 expression was performed using different strategies: approaches with two reference genes (TBP and HPRT1) calculated by NormFinder and geNorm, or single (18S, RPL13A, ACTB, GAPDH, HPRT1, TBP) reference gene. The effect of different normalization approaches on the expression levels of PGK1 in different tissue samples were shown in Fig. 4 . In addition, the P-values of the normalized PGK1 expression levels among the 5 sample groups were calculated (Table 3) . When 18S and ACTB were used for normalization, no significant difference in the resulting relative gene expression levels of PGK1 (p > 0.05) could be found between the tumor with metastasis group (TM) and tumor without metastasis group (TNM) or normal liver tissues group (Normal). In contrast, when TBP, or the combination of TBP and HPRT1 were used, dramatic differences were found among the three groups (p < 0.001).
Discussion
In this study, we focused on qPCR data normalization in HBV-related HCC with different prognostic outcomes, where no conclusive systematic study comparing the suitability of different candidate reference genes has been published to date. All the experimental data and the results arising from the subsequent calculations were based on the particular design of the study: (1) using normal liver tissues for control; (2) dividing the HCCs into two groups, with-metastasis and without-metastasis according to 3 years following up; (3) enrolling modest samples to follow consequently statistical tests; (4) strictly controlling the isolated RNA; (5) using two different software programs to assess the candidate genes regarding their suitability as references; and (6) taking a target gene as an example to show the significance of suitable reference genes on normalization. All these characteristics of experimental design were significantly necessary for the reliability of data and the conclusions derived from them.
In the present study, the best-performing or combinations of reference genes were determined using the software programs geNorm as well as NormFinder [4, 30] . Identifying suitable housekeeping genes is a both time consuming and expensive process, and has resulted in development of various programs and methods. The geNorm and NormFinder programs have been used in many studies to find suitable reference genes from a set of candidate genes [17, 29, 33] . In this study, 6 housekeeping genes, ACTB, GAPDH, 18S, HPRT1, RPL13A and TBP, were selected to evaluate their suitability as reference genes for relative quantification of target genes expression in HBV-related HCC. Both programs equally identified TBP and HPRT1 as the most stable combined reference genes. And more, TBP alone was shown to be stable enough as reference gene in this study. Recently, TBP is also recommended in the study of human renal cell carcinoma (RCC), although it is not as well-used as the other five references [28] . In our study, the use of TBP alone as control gene show sufficient ( Fig. 3) , which might because that our optimal study conditions resulting in high-quality RNA samples made only one reference gene necessary. HPRT1 was recommended as a universal, single reference gene for differential expression studies in cancer research [34] . However, based on the results of this study, it seemed to be not as stable as TBP, at least in HBV-related HCC. For the gene expression study in HCC tissues, appropriate reference genes in a range similar to the target genes are recommended for normalization.
Selection of the most suitable reference genes using geNorm analysis Figure 2 Selection of the most suitable reference genes using geNorm analysis. We performed geNorm analysis in variable combinations of each group according to different specific interest in cancer studies. The value of M was calculated for each gene, clustered in one group. The lowest M value characterizes genes with the most stable expression. The X-axis from left to right indicates the ranking of the genes according to their expression stability.
In this study, our findings indicate that the use of inappropriate genes for normalization can lead to under-or overestimations of the relative gene expression levels or to misinterpretations of the results. The normalization for target genes expression was used as an example to illustrate the essentiality of a suitable reference gene selected from a panel of candidate reference genes. We used PGK1, which plays a significance role in HCC tumourigenesis [31, 32] , as a target gene. The results showed that unsuitable reference genes led serious gene quantification error interpretations. We recommend the use of TBP and HPRT1 for normalizing expression results using the geometric averaging of the two reference genes [4] . Although the advantage of using both reference genes for normalizing is not clearly evident than using the most stable gene TBP alone in our study, a more accurate normalization was found by other investigators when more than one reference gene was used [4, 33, 35] .
In addition, all HCC samples in this study were obtained from HBV-positive Chinese patients. It remains to be determined whether this result also can be applied to other populations. Recently, it was reported that in HCVinduced HCC the combination of RPL41 and SFRS4 were best to normalize qPCR data in USA [20] . Studies are under way to further explain why those housekeeping genes are deregulated in different conditions, and more molecular mechanism waits to find out.
Suitable reference genes for normalization and the best combination calculated by NormFinder program Figure 3 Suitable reference genes for normalization and the best combination calculated by NormFinder program. High expression stability is indicated by a low stability value as an estimate of the intra-and inter-group variation of the individual gene. The X-axis from left to right indicates the ranking of the genes according to their stability values. 
Conclusion
In conclusion, comparing gene expression levels in moderate specimens, including normal liver tissues, paired tumor and non-tumor tissues of patients with HCC (including different status of metastasis), our research revealed two appropriate genes TBP and HPRT1 were reliable for normalization in the study of HBV-related HCC. In addition, the effects of differentially expressed genes in qPCR normalization were presented. Some of the "housekeeping genes", such as 18S and ACTB, were found lead to misinterpretations on experimental data because of their unstable gene expressions in those tissues mentioned above.
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